Background: There is evidence to suggest that immigrant populations from low or medium-income countries to high income countries show a significant change in obesogenic behaviors in the host society, and that these changes are associated with acculturation. However, the results of studies vary depending on how acculturation is measured. The objective of this study is to systematically review the evidence on the relationship between acculturation -as measured with a standardized acculturation scale -and overweight/obesity among adult migrants from low/middle countries to high income countries. Methods: A systematic review of relevant studies was undertaken using six EBSCOhost databases and following the Centre for Reviews and Dissemination's Guidance for Undertaking Reviews in Health Care. Results: The initial search identified 1135 potentially relevant publications, of which only nine studies met the selection criteria. All of the studies were from the US with migrant populations from eight different countries. Six studies employed bi-directional acculturation scales and three used uni-directional scales. Six studies indicated positive general associations between higher acculturation and body mass index (BMI), and three studies reported that higher acculturation was associated with lower BMI, as mainly among women. Conclusion: Despite the small number of studies, a number of potential explanatory hypotheses were developed for these emerging patterns. The 'Healthy Migrant Effect' may diminish with greater acculturation as the host culture potentially promotes more unhealthy weight gain than heritage cultures. This appears particularly so for men and a rapid form of nutrition transition represents a likely contributor. The inconsistent results observed for women may be due to the interplay of cultural influences on body image, food choices and physical activity. That is, the Western ideal of a slim female body and higher values placed on physical activity and fitness may counteract the obesogenic food environment for female migrants.
Background
In 2008, over 1.5 billion adults around the world were classified as being overweight (BMI ≥ 25) [1], with an increase in prevalence from 4.8% to 9.8% since 1980 [2] .
The determinants of overweight and obesity are manifold, with certain subgroups of the population seemingly more at risk [3, 4] . In particular, people from low-to medium-income countries who have migrated to and reside in high-income countries 1 , appear to be more susceptible to overweight and obesity than their local counterparts [5, 6] . This is the case even though newly arrived migrants tend to be healthier than the host population -a phenomenon called the healthy migrant effect [7, 8] . Reasons for the healthy migrant effect include the positive selection bias that the formal migration process imposes, such as the rigorous health checks required pre-migration [9] [10] [11] [12] [13] [14] [15] .
The unhealthy weight gain among migrants appears to increase significantly over 10-15 years post migration, by which time migrants' overweight and obesity rates approach or overtake those of the host population [16] [17] [18] . This change, however, is not uniform across all migrant groups, and may vary as a result of actual differences between groups such as ethnicity, gender, age at the time of migration, and period of residency in the new country [19] [20] [21] . For example, a health report from Canada found that black immigrant women were more likely to be overweight compared with white immigrant women, regardless of when they immigrated [22] . Similarly, data from a health survey in South Australia demonstrated significant differences between migrants from different ethnic groups in the prevalence of overweight and obesity [23] . Among US-and Australianbased migrant groups, people born in Italy, Greece or Cyprus, former Yugoslavia, Germany, the Netherlands, Poland and other Eastern European countries recorded a higher likelihood of overweight and obesity than people born in Malaysia, Vietnam or Cambodia, the Philippines, or China. Additionally, a number of studies found significant positive correlations between length of residency in the host country and weight gain [20, 24, 25] . Finally, other research has established an inverse relationship between migrants' age at the time of immigration and overweight/obesity [20, 26] .
Thus, when examining the relationship between migration and health-related factors such as obesity, there appears to be a wide variety of factors at play, including the healthy migrant effect, length of residence in host country, gender, country of origin, and age.
Acculturation & enculturation
The underlying dynamics of the complex relationship between migration and migrant obesity may be further clarified with a theoretical perspective which takes into account the forces of acculturation and enculturation [27] [28] [29] [30] [31] . As indicated above, the majority of people who migrate from low-income to high-income countries eventually adopt obesogenic behaviours, experience weight gain, and record higher body weights than their local counterparts. This change occurs as their immersion into the host culture increases over time [5, 6, 24] and is indicative of the broader and more complex process of acculturationthat is, the gradual exchange between immigrants' original attitudes and behaviour and those of the host culture [32] . This phenomenon has consistently been associated with negative consequences for migrants, including added stressors, fewer coping resources, and poorer mental health [33] .
In contrast some migrants may avoid these adverse effects of immigration, by assimilating less to the host culture and retaining more of their traditional heritage. This is termed enculturation [34] , and often appears to be beneficial to migrants in terms of social and health effects. In particular, this phenomenon is commonly associated with the maintenance of several protective factors, including social/familial support, shared sense of ethnic identity, and continued practice of traditional values [35] .
Thus, acculturation and enculturation are intertwined and representative of important psychosocial factors in the migration process -not least in terms of several health-risks. Indeed it would appear that acculturation is generally associated with adverse health-effects, and enculturation the opposite. Hence, in order to gain a clearer understanding of the impact of migration on migrant health, these two factors must be included in the analysis.
While past research has examined the relationship betweenx migrant health and acculturation, most studies have employed surrogate measuressuch as for example length of residency in the host culture, place of birth or preferred language used by immigrants [36, 37] rather than using standardised acculturation scales. Due to such lack of reliable and consistent methods for quantifying the degree of acculturation, comparative study and meta-analyses have been difficult, if not impossible, leaving a considerable gap in the literature on this topic. Furthermore, the fact that only few studies have taken enculturation into account, has meant that the research in this field has generally failed to separate the differential impact of acculturation and enculturation [38, 39] . This shortcoming represents another limitation of research in this area.
The two most commonly used standardised models of acculturation are uni-directional models (UDM) and bidirectional models (BDM). UDMs are based on the assumption that the maintenance of the original migrant heritage is not possible among those immigrants who become involved in the mainstream host society. Thus, acculturation is inevitably accompanied by a weakening of identification with heritage, and can be represented as a linear change over time.
Similarly, BDMs suggest that the relationship with both original heritage and the new host culture plays an important role in the process of acculturation [36] . This model allows for interaction effects of the original and the new cultures by assessing an individual's cultural identity and participation in the larger society [40] .
In summary, the use of acculturation scales may help to more accurately explain the complex relationship between migration and obesity, and further may do so in a more standardised, quantifiable and comparable fashion than past research. The aim of this study is therefore:
To systematically review the evidence on the relationship between acculturation -as measured with a standardized acculturation scale (i.e. UDM or BDM) -and overweight/obesity among adult migrants from low/middle countries to high income countries.
Methods

Protocol
This review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). This system has been developed to provide clear, practical and systematic guidance in researching and writing systematic reviews.
Information sources
A comprehensive search of the following databases was conducted during May 2011: Academic Search Complete (EBSCOhost); Academic Search Premier (EBSCOhost); CINAHL with Full Text (EBSCOhost); Global Health (EBSCOhost); MEDLINE with Full Text (EBSCOhost); and PsycINFO (EBSCOhost).
Search strategy & study selection process
The search terms used were based on MeSH keywords for 'obesity' , 'enculturation' and 'acculturation'. Searches were conducted by inserting the following terms simultaneously into the EBSCOhost database. Within term groups (that is Obesity terms and Acculturation terms) search terms were divided with 'or' , while the two term groups were connected with 'and'. The search strategy including databases, keywords, and limits is defined in Table 1 .
Validity & quality assessment
Articles obtained in the search were appraised in terms of relevance, quality and validity in three rounds. In the first round, articles were included or excluded based on their title. In the second round, articles were retained or excluded after reviewing their abstracts. In the third round, the full-text version of each of the remaining articles was obtained [41] and reviewed separately by two researchers. To determine the quality of the studies reviewed, quality assessment tools were utilised. The strength of the quantitative studies was ranked using the Quality Assessment Tool for Quantitative Studies developed by the Effective Public Health Practice Project from the Ontario Ministry of Health in Canada [42] , and recommended by other authors [43, 44] . Studies were ranked as high, moderate or low in quality.
Disagreement regarding any article inclusion or exclusion was resolved through consultation with two authors with expertise in acculturation research (Renzaho, A & Swinburn, B). Due to the small number of studies retained (n = 9), a quantitative weighting by study size or quality (meta-analysis) was not conducted. Instead the strengths and limitations of each study were taken into account qualitatively in a synthesis of overall findings.
Results
Study selection
A total of 1135 papers were identified in the initial search. The vast majority of these were rejected on the basis of one or more of the following factors: the paper focussed only on acculturation, immigration, overweight or obesity rather than any relationship between the variables; the paper did not use a standardized (UDM or BDM) scale to measure acculturation; the paper did not include original, empirical research (commentaries, book reviews, 'grey' literature, etc.); or a combination of the above (see Figure 1 ). Overall, nine papers met the inclusion criteria (see Table 2 ).
Study characteristics & samples
All of the studies were published in the 1990s and 2000s, and all were conducted in the US. Eight studies utilised cross-sectional designs, while one was longitudinal (see Table 2 ). Of the studies reviewed, participant mean age was 41 years (SD = 15), and the male: female ratio across all studies was 32:68. The focus of the articles included was limited to immigrant and refugee resident populations, and thus, temporary residents were not represented in any of the studied populations. Study sample ethnicity included, Mexican-Americans [45, 46, 50, 51] , Hmong (Thailand and Laos) US residents Inclusion criteria i. The study was published in a peer-reviewed scientific journal.
ii. The study used an acculturation scale (UDM or BDM) to measure acculturation.
iii. The study did not rely on surrogate measures of acculturation (e.g. length of stay in host country, generations (1st vs. 2nd), or nativity/birthplace). iv. The population under study comprised migrants and/or refugees from low-or medium-income countries living in high-income countries. v. The populations under study comprised adults over 18 years of age. The paper was published between January 1990 and May 2011.
[49]; Korean-Americans [52] , Puerto-Rican Americans [48, 51] , and Soviet-American women [53] . Six studies used BDM-scales to measure acculturation [45, 46, 49, 50, 52, 53] and three studies used UDM-scales [47, 48, 51] . Two studies used self-report measures for the BMI measure [46, 52] . Table 2 presents the nine papers' qualitative evaluations using Quality Assessment Tool for Quantitative Studies [46, 50, 53] . Three of the nine studies were classified as a 'strong' quality ranking while the remaining six were of 'moderate' quality [45, [47] [48] [49] 51, 52] . Studies moderate in quality were so determined due to small sample sizes, data collection weaknesses, participant attrition and participant representation.
Study quality
Acculturation scales
The acculturation scales used in the reviewed studies are presented in Table 2 . The scales were valid and reliable, and all comprised items gauging degree of acculturation/ enculturation by typically focusing on language use, use of media in host country, ethnic social relations, social networks, lifestyle, values and/or attitudes. The studies employed both UDM and BDM scales, making it difficult to compare specific results across these studies using a common metric. However, the standardization, validity and reliability of the scales used, ultimately facilitated comparability and synthesis of the results obtained with each type of scale.
Study findings
Of the nine studies reviewed, seven reported overall positive associations between the degree of acculturation and body weight variables [45] [46] [47] [48] [49] [50] 52] . The conclusions drawn from these studies generally complemented one another. Three studies [50, 51, 53] found negative associations between higher degree of acculturation and obesity in women. Lee et al. [52] found no significant relationship between acculturation and obesity in their female sub-sample, while more acculturated males recorded higher BMI.
In their study on US-born and Mexico-born Mexican-American adults living in the US, Barcenas et al. [46] indicated significant differences in the relationships between acculturation level and BMI, gender, and birthplace. In Mexican-born participants longer residency in the US was associated with higher BMI. Women residing in the US for more than 15 years recorded a mean BMI of 2.38 kg/m 2 (β (adjusted) =2.12, 95% CI, 1.53-2.72, p < .0001) higher than those who had Publications retained for inclusion in review:
N = 9
Publications discarded: n=900
Publications discarded: n=166
Publications discarded:
n=60 Figure 1 Process of study selection. Measured BMI, sub scapular to triceps skin-fold thickness ratio, waist-to-hip circumference ratio.
In men, higher degree of acculturation was associated with higher BMI and less favourable body fat distribution. In women, higher degree of acculturation was associated with lower BMI and a more favourable body fat distribution (p = .01-.001). Prevalence of obesity was greater in Mexican-Americans than in non-Hispanic whites. High -lived in the US for less than five years. Similarly, men living in the US for more than 15 years recorded an average BMI of 1.10 kg/m 2 (β (adjusted) = 1.47, 95% CI, 0.59-2.34, p < .001) higher than residents of less than five years. Furthermore, the risk of obesity in men and women with a low degree of acculturation increased with every additional year of residence in the US by 2% (OR = 1.02, 95% CI, 1.00-1.03) and 1% (OR = 1.01, 95% CI, 1.01-1.02) respectively. For highly acculturated men and women the increase in risk was 4% (OR = 1.04, 95% CI, 1.01-1.07) and 3% (OR = 1.03, 95% CI, 1.00-1.05) respectively. In US-born Mexican-Americans, high acculturation and birthplace accounted for 6% and 25% of risk of obesity in men and women respectively. These general findings of positive correlations between obesity and acculturation in Mexican-Americans, were further supported in the study by Ahluwalia et al., [45] where comparable general associations between the degree of acculturation and BMI were established. Further, Khan et al. [51] found that 2nd and 3rd generation Mexican-Americans had higher BMIs than 1st generation migrants.
A similar study was conducted by Hazuda et al. [50] who established a more ambiguous and complex relationship between acculturation and obesity in Mexican-Americans. In this study, overweight was assessed using BMI, sub scapular-to-triceps skin-fold thickness (SUBTR) ratio, and waist-to-hip ratio (WHR). Both acculturation and socioeconomic status (SES) were associated with anthropometry measurements. Specifically, low SES was associated with a high WHR (p < .001), and high scores on the 'family attitude' subscale of acculturation was associated with a high SUBTR-ratio (p < 0.01). Among females, low SES was associated with high BMI, SUBTR-ratio and WHR (p < .01p < .001), but, interestingly, high scores on the 'functional integration' acculturation subscale were associated with lower BMI and SUBTR-ratios (p < .01p < .0001). This apparently protective effect for Mexican-American women was also evident in Khan et al. [51] , where higher acculturation was associated with lower BMI for Mexican-American women (β = −.56, p < .01) but not for males nor either gender in the other ethnicities examined (Puerto Rican and Cuban).
Other studies examined the impact of acculturation on health factors such as smoking, physical activity, fat intake, and BMI, and have included other ethnicities with similar results. For example, Bertera et al. [47] found that acculturation was positively associated with obesity in Salvadoran immigrants in the US, accounting (in combination with other variables such as gender and SES) for 45% of the variance in immigrant obesity (p < .01-.001). Similarly, Fitzgerald et al. [48] discovered that less acculturated Puerto Ricans in the US were 54% less likely to be obese than their more acculturated counterparts. In yet other research on Hmong-American immigrants, higher degree of acculturation also correlated with higher BMI [49] . This relationship was mainly attributed to the changes in diet and physical activity following the adaptation to an environment with higher average income [49] .
Comparable effects have also been found in studies among Korean-Americans [52] whereby more acculturated men (but not women) had a higher BMI than their enculturated counterparts, with a mean difference in BMI of 1.7kg/m 2 (p < .05) [52] . This effect persisted when controlling for age, income, education, working status, and smoking as well as physical activity, fat intake and parents' body size. In addition, and perhaps paradoxically, acculturated men and women were more likely to engage in light physical activity than enculturated men and women (men OR = 4.34, p < .005; women OR = 7.38, p < .005) [52] .
The final paper included in this review [53] reported on a longitudinal study which examined the relationship between acculturation and cardiovascular disease risk factors in Soviet Union-born middle-aged women in the US. Similar to some of the other research reviewed, this study established a significant inverse correlation between acculturation score and obesity in women. Specifically, women with higher acculturation scores at baseline predicted lower changes in BMI over the following ten years (r = −.14, p = .05). Similarly, higher enculturation scores predicted higher changes in mean BMI and waist circumference (r = .25, p = .01; r = .34, p = .01, respectively) in the following decade [53] .
Five of the nine studies included measurement of SES [47, 48, [50] [51] [52] . Three found no significant correlations between SES and obesity [47, 51, 52] , while Fitzgerald et al. [48] established an inverse correlation between these two variables, and Hazuda et al. [50] found both positive and negative correlations for men and women, respectively.
Discussion
The focus of this paper was to review the research among migrants on the relationship between obesity and acculturation/enculturation as measured by valid and comparable acculturation scales (uni-dimensional and bidimensional scales). Only nine studies met the criteria of this review, and all of them were US-based. With the exception of Miller et al. [53] and Khan et al. [51] , all of the studies reviewed reported generally similar findings indicating an overall positive correlation between acculturation and overweight/obesity. Barcenas et al. [46] and Ahluwalia et al. [45] established positive correlations between acculturation and obesity in Mexican-Americans. The more acculturated the populations were, the higher the average BMI. While Khan et al. [51] found a negative relationship between BMI and acculturation in first-generation migrants, Mexican-Americans' BMI increased with each generation in the US. Positive relationships between acculturation and obesity were also evident in the studies by Bertera et al. [47] , Fitzgerald et al. [48] , Franzen et al. [49] and Lee et al. [52] spanning a wide array of ethnicities (El Salvador, Puerto Rican, Hmong, Korean respectively). However, the relationship appeared more complex for women than for men, as both negative and positive relationships between acculturation and obesity were found for women [50, 51, 53] .
These findings are likely to also be related to the nutritional transition documented in developing countries [54, 55] . Nutritional transition relates to the tendency of decreased consumption of healthy and nutritional foods in favour of fatty and processed foods, observed among citizens in rapidly developing countries [55] . This effect has been detected globally as unhealthy processed foods are increasingly made available throughout the world [55] . A good example of this transition is Brazil where, since the 1970s, the problems of dietary deficiency have been replaced by those of dietary excess [56] . This nutrition transition would occur more rapidly in a migrating population as they make the transition over months and years as opposed to a whole country making the transition over years and decades. The nutrition transition for immigrants thus involves both the qualitative change in diet and the rapidity of that change which would be accentuated in migrants from low-and middle-income countries to high-income countries [55, 56] .
Looking beyond the overall tendencies in the relationship between obesity and acculturation, however, the relationship becomes more complex and appears to vary by gender, country of origin and SES. In some cases acculturation even seems to predict positive behaviour such as increased physical activity [46, 52] and decreased CVD-risk and waist-circumference [53] . Specifically, Khan et al. [51] , and Hazuda et al. [50] , found protective effects of acculturation in terms of female body weightthat is, an inverse correlation between female BMI and acculturation was apparent in these studies in spite of the overall positive association between BMI and acculturation. Similar findings were evident in Miller et al. [53] study on female Soviet Union immigrants to the US. Of further relevance in this context, it is important to note that while Lee et al. [52] observed positive correlations between acculturation and body weight, this association held true only for men and not for women. Together, these studies thus lend credence to the idea of gender as a moderating variable in the relationship between acculturation/enculturation and obesity.
Despite the small number of publications, potential explanatory hypotheses can be developed for these emerging patterns. For the females in some migrating populations, it may be that as they get wealthier, the more health conscious they become, which in turn is reflected in behaviour and BMI. Such an effect has been documented for the relationship between SES and BMI where this association is positive until a certain level of wealth is reached after which the correlation inverts [57] . This flip in the relationship is much stronger for women than for men, and thus could account for the variability in results concerning female subgroups discussed in this review [57, 58] .
The counteracting environments and social norms in Western countries may have a differential impact on the migrating population depending on migrant country of origin, gender and SES [59, 60] . The recurring finding that women with higher levels of acculturation have lower BMIs suggests that greater availability of fatty and processed foods in high income countries may be offset by the Western social norms and fashions which endorse fitness, health and a slim body shape [61] [62] [63] . This is supported in the study by Ahluwalia et al. [45] where it was established that obese Mexican-Americans with a low degree of acculturation were more satisfied with their weight and body shape, and less likely to have tried to lose weight than their highly acculturated counterparts. Further, Barcenas et al. [46] and Lee, et al. [52] found that in spite of a comparatively higher likelihood of increased BMI in acculturated men and women, this cohort was also more likely to engage in physical exercise than non-acculturated participants. These findings appear to highlight a possible association between acculturation and both adaptive and maladaptive health behaviours endorsing health ideals, such as physical activity and slenderness, as well as facilitating obesogenic habits.
Strengths and limitations
A strength of this review relates to the chief goal of the paper which was to identify and review the research which has used valid and comparable acculturation scales to measure the relationship between acculturation and obesity in migrants to high-income countries. While only nine studies met the inclusion criteria for this paper, the fact that all of the reviewed research employed acculturation scales in their methodology effectively facilitated comparison and synthesis of the main themes and variations emanating from this research. This has not been done before and has thus far represented a gap in the literature on this topic. Nonetheless, although the studies included in our review used validated acculturation scales they varied in terms of number of items and domains covered. For example, some studies [45] [46] [47] [48] 51] included one dimension that focused on language acculturation rather than a broader array of behaviours related to the migration and settlement process. Others included questions regarding language use and preference, social connections, and overall eating patterns [49] , while others still focused on functional integration (i.e. adoption of the values, attitudes, and behaviour of the host society) [50] , structural acculturation [52] , and language, identity, and behaviour [53] . In addition, when examining the relationship between acculturation and obesity, some studies used self-reported BMI measures whereas other used measured BMI, making it difficult to draw conclusions across studies. Thus, the variation in acculturation domains and measurement identified in this review emphasises the urgent need for a standardized international acculturation scale.
Another strength of this review centres on the broader research methodology of the included studies. Eight of them employed a cross-sectional design. While the correlational nature of this methodology prohibits a statistical assessment of cause and effect, it can be more readily applied to large representative samples as well as take into account a number of potentially confounding factors. Further, given the specific nature of the variables measured in the reviewed studies, it is still possible to hypothesise with relative certainty on the direction of the associations found despite the nature of crosssectional research designs. That is, it is much more likely that acculturation has an impact on body weight than vice versa, and while several other factors may mediate or moderate the relationship, this direction of the association remains the most plausible.
A major limitation to the review, relates to the fact that all of the studies focussed on immigrants in the USa country which is among the ten most obese nations in the world [64] . In light of this, it is conceivable that obesity may not be related to acculturation in general, but rather to the specific culture to which immigrants acculturate. That is, immigration and acculturation to a country where obesity is not a prominent health issue may not increase migrant BMI. More research examining immigration to countries other than the US is therefore needed for more generalisable conclusions.
Another limitation relates to acculturation scales used. The introduction to this study identified the bi-directional model of acculturation as being more complex and sophisticated than the uni-dimensional model. The current review included studies which used both types of scales, making it difficult to compare specific results across these studies using a common metric. There is also some debate focusing on socioeconomic status and its possible role on the relationship between acculturation and obesity. However, not all the nine studies took this into account and therefore lack of adequate control for SES perhaps partly explain the distinct findings among women.
Finally, the review included studies which used both measured and self-reported BMI (Barcenas et al., 2007; Lee et al., 2000) . This comprises a limitation as the accuracy of self-reported BMIs may be questionable.
Conclusions
This review is the first of its kind focussing solely on migrant obesity studies using either bi-directional or unidirectional measurements of acculturation rather than utilizing a surrogate measurement.
Despite the different but standardized measures of acculturation in the studies reviewed here, the findings seem to be relatively consistent. This uniformity has not been observed in studies that solely used a proxy measure for acculturation. It therefore seems imperative to endorse the use of standardized scales of acculturation in future research.
The degree of acculturation seems to reflect the degree of nutrition transition towards a more obesogenic diet and higher BMI. However, there appears also to be some countervailing forces of acculturation that precipitate a more complex pattern for women. There was some evidence of higher physical activity levels among women. Leaner body image ideals and variable SES in highincome countries may explain the mixed findings for the relationship between acculturation and female BMI. Future research should help further unpack this interchange of culture, migration, gender and SES on the development of obesity. Identifying underlying contributors of diet, physical activity and body size perceptions will also be important for this understanding and for informing potential interventions to prevent unhealthy weight gain.
Further, future research should examine the protective factors of enculturation with a focus on retaining the positive parts of the traditional orientation to combine with the positive aspects of the host culture. High income countries (such as the US, Australia and many European countries) which have substantial migrant population from low-and middle-income countries should be active in their efforts to prevent obesity and obesity-related diseases like diabetes in these at-risk populations.
Key messages
Based on the reviewed studies, there appears to be an overall positive relationship between acculturation and obesity in populations migrating to high-income countries from low-to middleincome countries. Migrant gender appears to be a significant factor in the relationship between acculturation and obesity. Due to the limited valid research on this topic, future study should focus on this relationship.
The role of nutrition transition in the relationship between acculturation and obesity also is likely to play an important role in the connection between acculturation and migrant weight gain and obesity. For the sake of empirical reliability and rigour the use of validated, comprehensive and uniform acculturation scales should feature prominently in future study.
Endnote
